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Description 

A Method for Purification of Liposome Composition 

I v 1 relate > th« 1 some c ompositions. 

After preparation of drug-enrapping liposomes from a phospholipid and a solution of a drug, a process is 
S generally necessary to separate She unen f jasg from the drug-e raping liposomes. The 

techniques > separate in„ ds dialvsis cellophane bags [Saibo Kogaku (Cell Techriotogv), 2, 

11* ,1983)1 url-u,"it!if cto Blocher j.andg istry, 8, 344 (1969)]. 

s i! > ! ! t n c i -i i i eps *iop-removal of the free drug unentrapped 

in liposomes, though they are not suitable for industrial application. For example, the method using cellophane 
10 bags has drawbacks such as troublesome dispensation in aliquots of the liposome suspension to be treate d, a 
long time required for the treatment, inconsistent quality, difficulty in aseptic producton, etc. Separation based 
on ultraoentrifugation is achieved by several repetitions of the process which comprises dispensing in aliquots 
of ihe liposome suspension in the ultracentrifuge tubes, uitracentrif ligation, discarding the supernatant, and 
collecting the deposit, and therefore the operation may be also tro i t x jetton may be 

15 I ii r x< n I U 1 il jirlc, RE froVf t 

evaporation vesicle], are difficult to be recovered completely because they will not sediment well and be 
discarded together with ihe supernatant. Therefore the method is applicable only to liposomes with relatively 
large diameters, and some types of liposome may form aggregate on re-dispersion because they have 
aggregated during sedimentation by centrifugation. 
20 Separation based on gel filtration is achieved by allowing to flow the liposome suspension through a column 
packed with an adsorbent to adsorb the unentrapped drug. This method has drawbacks that a long time is 
required for the treatment because of the relatively stow flow through the column, that a concentration 
process is required afterwards because the suspension has been diluted with the eluentfor the column, that a 
y t < > ; i f iui i i f , if i > ( ; c t v i£ 30 ,orb >n >rttc 

25 the adscrbent, that mechanical blocking at the inlet of the column may occur occasionally, that regeneration of 
the adsorbent (removal of the ac sorbec 3rug by ti inn ii for re-use of the adsorbent, that aseptic 

operation (sterilization of the adsorbent before use) is difficult, etc. 

As described above, the method for separation and removal of the unentrapped free drug in the course of 
production Gf drug-entrapping liposome compositions has not been established yet. For industrial application, 
30 the me hud s < i - , j ! t i it i in in i i i 1 

time, that aseptic operation is easy, that final products can be obtained within a day by a through process by 
connecting with the processes for production of liposome composition, etc. 

As the result of the inventors' researches under the circumstances described above, they found out that a 
hollow fiber-type dialyzer can be used for sepration and removal of the unentrapped drug in the course of 
35 production of liposome compositions, arid have completed this invention. 

Namely, this invention is the method for purifcation of liposome compositions characterized in that an 
aqueous fluid containing drug-erttrapp n i unentrapped drug * alyz x: th ough the hollow 

fibers, and the unentrapped drug is separated and removed into the fluid flowing outside the fiber. 

f ' i fei 1 trapped drug 'Mn this invention Is not 

40 subject to any restriction as far as it is a system wherein drug-entrapping liposomes are suspended in wafer 
and at the same time a drug is contained in the water. Generally it is lluld obtained after production of 

X 1 C I ill I 1 l I i ! X ) I itUij t S J EC rt 

and the aqueous fluid wherein liposomes are suspended and the unentrapped drug is contained is the main 
s'jl ii i v i vt in sp - ! - 1 ■• S| oust inscribed abo\. - iometimes called simply as 

45 "the liposome suspension". In the production of drug-entrapping lippsome compositions according to the 
methods known so far, occurrence of unentrapped drug is inevitable. It is generally desirable that the 
unentrapped drug is removed prior to use of a liposome composition for DDS (Drug Delivery System) etc. The 
liposomes to be included in this invention are of any type, i.e. any d - 1 ' vesicle), LUV 

j onil i RE ! pluriiametlar vesi 

SO The hollow fie •> T s a dd> ice which s composed generally of several thousands 

of hollow fibers mace of semipermeable membrane materia; and in which ihe solution to be diaiyzed is allowed 
to flow otrtsid i ie ice c rs *!ur;°d ^ lil y unr nuv, 

hollow fiberhemodialyzer. The material of hollow fibers may be selected among natural polymer membranes 
ind the pr< < ereof, regenerat 3 polymer membranes, and synthetic polymer membranes, on 

55 the basis that t i read wrti or adsorb phospholipid, the material of liposomes, 

in the concrete, natural polymer membranes and the processed products thereof include cellophane and 
crossimking collagen, regenerated polymer membranes include various cellulose membranes such as 
cellulose acetate {for example, oxidation; 50% or more}, cellulose t - ose acetate butyrate, 

nitrocellulose, and cupro ammonium rayon membranes. 

60 S rrP >c x > ^ i 5 being studied 

methylene bis (4-phe 1 (MDI), polyethyleneglycol MDI, poiybispheno! carbonate-polyethylene 

oxide copolymer, polyion complex, polypropylene, polyvinyl acetate, poiy-suifone carbonate, polyethylene, 
polyacrilonitr 3 /in> " cross linking 
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collagsn, polybssphenol carbonate polyethylene oxide, polyvinyl acetate, polysulfcne carbonate, polyacrylni- 
trile, polymethylmethacrylate membranes are desirably used in this invention. 

Permeability of the hollow fiber membranes, when expressed in the half-value time of the rate of dialysis of 
urea, is desirably equivalent to or smaller than that of cellophane; for example, membranes with the 
i erm. ability >t about 0 i to 1, taking the half-value time of cellophane as 1, are usee l 1 $ 

Theseectton jfahc ow fiber >r-a?e me uia-sizeof 
the drug used, and this point is explained in the fallowing. 

The drugs employable for production of liposome compositions are water-soluble and usable in 
micro-capsules, The solubility in water should be such that the logarithms of the partition coefficient in the 
oetanol-water system is 10 or less. Hollow fibers of such a pore size that allows to permeate the drug but not 10 
the liposomes < i id he pen 'Mi hear penden n the por ^nolbf 

molecular size of the drug. The pore size of the fiber is a measure <. \ , o ho pore size of 6 A 
correspnds to the molecular size of creatinine {molecular weiqht IIS;, 15 A to that of vitamin B12 (noi 
wt. 1,350), 24 A to that of inuiin (mol. wt. 5,200), 32 A to that of cyto-chrome C (mol. wi. 24,000), 46 A to that of 
pMrnrnunoglobulin (mol. wt. 38,000), arsd 55 A to that of albumin (mol wt. b' , 
ammonium rayon often used as a hollow fiber membrane for the hollow fiber dialyzer is about 20 A. Drugs of 
molecular weighs of 3,000 or less can be dlalyzed efficiently through a holiw fiber membrane of a pore size of 
about 20 A. 

The dessab & u bio for this entio sre those with molecular weight more than 100 and less 

than about 60,000. The employable drugs for this invention are classified by the mo c • < - . , o/o 
following. 

(1) drugs with molecular weight more than 100 a nd iess than 1000 

(Example) Metal complexes such as cisplatin (CDDP), carbopiafin, iproplatin, tetrapiatin, etc., antitumor 
«1* 1 jch as mitomycin, adriamycin, ansamitoein, actinomyctn, and the derivatives thereof 
it - n r - -\ i"- i !,,iri , I a < - c such as 5-FU, 25 

methotrexate, TAC-788 [isobuiyl 5-fiuoro-6-(E) -furft rvlic<" v, 1 v, \ 

pyrimidirie-5-carboxylate, Japanese Unexamined Patent Publication No. 59-13780], etc., alkylating agents 
such as BCNU, CGNU, etc.; antitumor agents such as melpha an, mitoxantnoron eto jii , i«, 
antibiotics such as gentamcyn, streptomycin, canamycin, dibekacin, paron ,<cin ,r> r 

iipidomycin, tobramycin, amikacin Ttadicir <t i 1 >t 1 urluding penicillins 30 

i h lit illinam, c 1 in 1 ienamycihs cephalosporins 

such as cefotlam, cefsulodin, cefmenoxime, cefmeiazcSe, cefazoiin, cefotaxime, cefoperazone, 
ceftizoxime, mexalactam, etc., TRH drugs [TRH, TRri analogues (e.g. L-N-(2-oxoplperaz!ne-6-carbo- 
ny!)-L-histidyl-L-thiazo!idine-4-carboxamide, L2-oxooxazoline-4-carbonyi-L-histidyl-L-prolinamide, 
L-trans-5-methyi-2-oxooxazolid!ne-4-carbonyi-L-hlstidyl-L-proiinamids, L-2-oxothiazolidine-4-carbonyl- 35 
ar3onyl-L-histidyl-L-prolham:.;-; 2-keiopij ■ idine-6-carbonyl- 
ii ot Hide 0) o\operhy-'o i < I if ! hiMidy i proline mido) ho L 11 

pounds obtained by the substitution of the hydrogen atom of the amide group in these TRH and TRH 
analogues with meil v t , - s \ , r f , nh >l -r^ j p pup -V groi.p, and their acetates, 
tartarates, etc.], peptides such as enkephalin, etc., anti-inflammatory agents, analgesics, and 40 
anti-pyretics such as aspirin, ditiunisal, indomethacin, diclofenac, fenbufen, sulindac, acemetacin, 
ibuprofen, naproxen, ketoprofen, flurbiprofen, fenoprofen, thiaprofen. pronoprofers, mefenamic acid, 
ioifenamic acid, fiufenamio acid, phenylbutazone, oxyphenbutazone, pyroxicam, roepirizole, ernorfazone, 
etc., and various prostaglandins and the derivatives thereof. 

(2) Drugs with molecular weight more than 1000 and less than 2000 45 
(Examples) peptide antibiotics such as gramicidin D, bacitracin, etc. 

(3) Drugs with molecular weight more than 2000 and iess than 5000 
(Sxamplss) peptides such as ACTH, polymyxin B : colistin, etc. 

(4) Drugs with molPv, 11 t r 1 i^it - ban -"COOO 

(Examples) polysaccharides such as heparin, lontinan, zymosan, PS-K, etc., peptide hormones such as 50 
insulin, growth hormone, etc. 1 

(5) Drugs with molecular weight more than 100C0 and less than 20000 
(Examples) limphokines such as interferon (a. 3, y), tnterieukin 2, TNF, etc. 

(6) Drugs with molecular weight more than 20000 and less than 60000 

(Example) SOD 55 
The hollow fibers used are desirably those with the inner diameter of the hollow ranging from about 150 to 
?o0,i t nd n ? -or ^"-11' :-2i 1 n ' i hue! with a 

1 easier treatment in a large scale that two or more 

hollow fibers each of which has a small surface area are connected in parallel or in series. It is more desirable 
touted ■■ tiu>» be 3 rc » 1 pis 5. U r * ■> h 1 ier eo 

diameter of 200 u.m and the effective length of 23.5 cm provide : > sa of 1 .5 m 2 

and a dialyzer of a surface area of such a magnitude is practical! used !<%, ji rood b 

connecting some bundles of the hollow fibers In series or in parallel. 

In the diaK I ei , i g which has permeated , e n embrane Is removed from the 

sys en! by allowing a fluid to flow outside the hollow fibers. Water may be used as the fluid flowing outside the 65 
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fibers, but use of a fluid appropriate for the dosage form of the liposome preparation Is practically preferable. 
T' j is s t i i - >f vaiious substances which are pi ly 3 blooded an 

are used, such as inth 

sorbitol), amino acids (e.g. glycine, asparatic acid, glutamic acid). Among these, physiological saline is the 
5 suspension medium that is used most commonly for intravenous aor f var ous drugs, and can be 

used advantageously also in this invention. 

in the device illustrated in Fig. 1 (a), a liposome suspension is poured into the reservoir (1) and allowed to 
flow by the pump (2) into the hollow fiber diaiyzer {4} connected through the pipe (3) with the reservoir. The 
rr 7 i howrt in Pig. 1 (b) : the hoiiow fi ) at c bu 1 ig and pieced 

10 the case (13) which has an inlet (8') and an outlet {9'} tot the analyzing fluid and the I ' : - ' i flows outside 
the hollow fibers in this case. The liposome suspension is sent to the inlet (3') of the diaiyzer (4), allowed to 
flow info the hoiiow fibers, and brought back from the outlet (5') through the pipe (5) info the reservoir (Ij.The 
diaiyzing fluid placed in the reservoir (6) in Fig. 1 (a) is allowed to flow by the pump (7) through the pipe (8), the 
inlet (8'), the outlet (9'), and the pipe (9) for the di > ! slyzer described above to 

is tht ' ) s ' i if necessary after removal by adsorption of the 

drug onto active carbon or ion exchange resin. Thus the free drug in the liposome suspension is gradually 
removed from the systen r - M through the membrane of the hoiiow fibers, 

and a purified liposome composition can be recovered in the reservoir (1). 
In this invention, the free drug may b« r *n< /ed eft ciet fly w; t : fiaiysis 3 jerformed while the pressure 

20 inside the hoiiow fibers is loaded t r h 1 1 | v lui 1 T ce i 

generally controlled to be 300 mmHg or less, preferably about SO mmHg or less, more desirably 10 to 50 
mmHg. When the difference is 50 mmHg or more, also water permeates much, which results in concentration 
of the liposome suspension and therefore it is possible to remove the unentrapped free drug and at the same 
time to concentrate the suspension. However concentration under an excessively different pressure is 

25 undesirable because the drug entrapped in liposomes may ieak out. The pressure difference is adjusted, for 
excample, with he lit r< u 1 > ] jI i < n 1 ' in in - 1 t 

pipe (5i ar-.. I - „ 3h< .. , „ sendinq pipe (S) in the device shown in Fig. 1 (a). Particularly for removal of a 
drug with high molecular weight (for example, molecular weight of 10000 to 60000} of which dispersion-dialysis 
rate is low, a hollow fiber membrane dialysis is performed efficiently by applying a pressure to the fluid inside 

30 the hollow fibers; therefore a membrane thick enough to resist the pressure is desirable for this purpose. 
The liposome suspension and the diaiyzing fluid are generally allowed to flow in counfercurrent, but may be 
allowed to flow in parallel in some cases. Two or more devices (4) for the hollow fiber dialysis may be 
connected in series or in parallel to be suited for treatment in a large scale. 
More practically tt peration i >y > ng the production c It >som< 

35 composition and separation-removal of the unentrapped drug in a through process in a closed system, as 
shown in Fig. 2, which connects directly the apparatus for production of the liposome composition and the 
hoiiow fiber diaiyzer such as that illustrated in Fig. 1 {b}. in the process the purified liposome composition can 
be produced asepticaliy by previous treatment such as high pressure steam sterilization of the hoiiow fiber 
diaiyzer. 

40 According to the invention, from an aqueous fiuid containing drug-entrapping liposomes and the 
unentrapped drug, the unentrapped drug can be separated and removed practically advantageously, and the 
method of this invention is very useful for purification of liposome compositions. That is, as compared to the 
conventional methods based on dialysis in a bag, ultracentrifugation, or gel filtration, the method of this 
invention, is very suitable for practically use because it permits a large scale treatment in a short time, 

45 sterilization o; the otalyazer, and treatment in a closed system by connecting the diaiyzer directly to the 
liposome-producing apparatus. The method of this invention is excellent aiso because it does not cause any 
damage to the liposomes or leaking of the entrapped drug. 

Brief Description of the Drawings 

50 

Fig. 1 (a) is an example of the device used in this invf rtiot fig 1)is1 t 

suspension "1 3 pump, (3) and (S) lipc c > ndinj 

z- ( 1 rt^-r > i so 3 9 pump, (8} and (9) diaiyzing 

fluid sending pipes, and (10} pressure difference controlling vaive. 
55 Fig. 1(1 1 enlarged figure of the hoiiow fiber diaiyzer (4j in Fig. 1(a). (11) is the hoiiow fiber 

membra. I bers) [12) jointing of the bundle of ho 1 j ;ion 

inlet (before dia ome suspensiot outlet (after i ^ Jid nlet and (9" 

dialyzmg fluid outlet. 

Fig. 2 Is an example of the device used for production of drug-entrapping liposomes and separation of 
60 the unentrapped drug in an aseptic through pro; jE ng the liposome-producing apparatus 

dtrectlytotnehc oi 1 gure, (1)is posome-producing at 

(?.) liposome suspension, (3) hollow i s - up (5) diaiyzing 

fluid-sending pump, (6) liposome suspension-sending pipe. (7 . lu ing pipe, (8) vaive 

controlling the pressure inside the hollow fibers, (9) valve controlling the pressure of diaiyzing fluid, and 
65 (10) reservoir of diaiyzing fiuid. 
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Experimental Example 1 

(1) Production of REV liposomes 

In a 1 £ round-bottomed flask, 300 mi of 0.5 mM 6-CF (6-carboxyfluorescein) in physiological saiine and 6 g 
of a phospholipid [dipalmitoylphosphatidyi choline (DPPC) d:si*; * < -V! <J 

dissolved in 300 ml of a mixture of chloroform : diisopropyi ether (11) were ir >ij i, u y 

irradiation for 20 minutes in a bath-type uttrasonioator (60 W). The emulsion was subjected to gradual 
evaporation of the organic solvent on a warm water bath at 55° C by a vacuum rotary evaporator, to prepare a 
suspension of 8-CF-entrapping REV liposomes, in this suspension 6-CF-eni 
included. 

(2) Dialysis 

Reference dialysis: In a cellophane bag (inner diameter; 2 cm, length; 1 m, effective surface area: 0.08 m 2 , 
Spectrapore, manufactured by SPECTRUM MEDICAL INDUSTRIES, IMC), 300 mi of the liposome suspension 
was packed, the bag was immersed in 10 M physiological saiine. and dialysis was performed with stirring at 
room temperature. 

Dialysis according to this invention: Three hundred ml of Hie iiposome suspension was dialyzed in adialyzer 
using hoilow fibers made of cupro ammonium rayon (mean Inner diameter of the hollow; 200fj.m, effective 
surface area; 0.8 m 2 , Type TAF08W, m n J* 1 o\ ft >i i <, f 

of 150 mi/min., the flow rate of the dialyzing fluid {physiological saline) of 500 mi/min.', and the difference 
between the „ „ I j i n i ! i if ht i ~ t z n_ f <_ <• u im v 

(3) Measurement of the efficiency of separation-removal by dialysis 

The efficiency of separation-removal of the unentrapped free 6-CF was expressed in the percentage of the 
content of free 6-CF in the liposome susspensin before the separation-removal relative to the content after the 
,1 on removal (remaining percentage). 

(4) Determination of free 6-CF 

The liposome suspension, 0.1 ml, was placed in a Centrisarf (Centrisart 1, SM1324S, manufactured in West 
Germany), to which 1 ml of physiological saline was added, and oentrifuged (2000 rpm, 5 minute). A fixed 
amount of the supernatant containing only free 6-CF was i - w; te « nd c A into a 

quarts ceil of 1 cm light-path length. The intensity of the fluorescence was measured with a fiuorometer 
(excitation wave length; 494 nm, fluorescence wave length; 515 ran), and the amount of free 8-CF was 
estimated from the calibration curve. The calibration curve was prepared by measuring the intensity of 
fluorescence of the standard solutions of 6-CF which had been prepared separately. 

(5) Results 

Table 1 shows the relation between the treatment time and the remaining percentage of 6-CF in the 
reference dialysis and in the dialysis according to the present invention. 



remaining percentage of 6-CF {%) 

time (3ir) o 0.08 0.25 0.5 0.65 6 24 48 72 

reference 

dialysis 100 - - - - 78 27 6 <0.8 

this invention 100 25 3 <1.0 <0.1 - 



As evident from the results shown in Table 1, the remainii g pet -.r'.zqe of free 6-CF unentrapped in 
i i"o- 72 hours (3 days) of dialysis by the reference method, whereas the 
t f> ! i. a ne b-Jow O.io/o in 40 minutes oi : s ording to the method of 

this invention; thus the method of this invention can separate and remove the free drug efficientlv in a very 
short time. 



5 



EP 0 331 505 A1 



When hollow fibers with the effective surface area of 1.5 m 2 were used in the dialysis of this invention 
described above, the remaining percentage of 6-CF became beiow 0.1 o/o only in 20 minutes of dialysis, thus 
the time of treatment being shortened further. 

5 Experimental Example 2 

The suspension of S-CF-entrapping liposomes prepared in the same way as in the Experimental Example 1 
was used to compare - eparationof the unentrapped 6-CF byi - 2000 x 9,30 

minutes) and that by the method of this invention. 
By ultracentrtfugation liposomes with smaller particle size were not sedimented well, floating in the 

10 supernatant and flowed c -esulied in a large loss of liposomes. The efficiency of 

separation-removal expressed in the remaining percentage of 6-CF was as large as 6.3 % after a run of 
eiiracenirnueatjon, and became below 1% only after 3 repetitions of washing and ultraoentrifugatlon, which 
required as long as about 90 minutes, making a large-scale treatment difficult, in contrast to this method, the 
method of this invention could be applied to various liposomes and permitted a large-scale treatment in a very 

75 short time with little loss of liposomes. 

Experimental Example 3 

(1) Preparation of cispiatin (CDDP)-entrapping REV 

20 CODP-entrapping liposomes were suspended in the same way as in the production of REV in the 
Experimental Example 1 except that CDDP (30Q mg) was used instead of 6-CF, and thus a fluid in which 
unentrapped CDDP was dissolved was obtained. 

(2) Dialysis 

25 Reference dialysis: Similarly to the Experimental Example 1, 300 mi of the CDDP-entrapping liposome 
suspension was packed in a cellophane bag and treated. 

Dialysis according to the method of this invention: Under the same conditions as those in the Experimental 
Example 1, 300 mi of the CDDP-entrapping liposome suspension was treated. 

30 (3) Measurement of the efficiency of separation-removal by dialysis 

The unentrapped free CDDP in i n usj ribed above was determined according to the 

same method' as described in the paragraph (3) of the Experimental Example 1, before and after the 
separation- removal, and the remaining percentage was determined. 

35 (4) Determination of free CDDP 

Free. CDDP was determined in the same procedure as described in the paragraph (4; in the Experimental 

Example 1; CDDP-entrapping liposomes were separated from free CDDP in Centrisart (Centrisart 1, SM 

13249, manufactured in West Germany), 0.1 ml of the supernatant containing only free CDDP was combined 

with 0,1 mi of an internal standard solution, and a fixed quantify of this solution was analyzed quantitatively by 
40 high performance liquid chromatography (HPLC). 

The HPLC were conducted under the following conditions. 

column: Hitachi Gel 3013N 4mm <p x 15 cm 

column temperature: SO 1 ' C 

eluent: 0.02 M KH a P0 4 -HCI (pH 3.0) 
45 flow rate: 0.9 ml/min., detection: UV 210 nm 

Internal standard solution: aqueous solution of hypoxanthine (4 pg/mlj 
The results are summarized in Table 2. 



remaining percentage of CDDP { % ) 
55 tiffiS ( hr ) 0 0.08 0.25 0,33 0,5 6 24 48 72 



reference 

dialysis 100 - - - - 78 21 6 <0.8 

60 

this invention 100 21 4.0 1.2 <0.2 - 



65 
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As evident from the results shown in Table 2 the remaining percentage of unentrapped free GDDP became 

0. 80/0 only after 72 hours (3 days) of dialysis by the reference method, whereas the remaining per . nta< ■•' 
became 0.2% in 30 minutes of dialy cording to the method cf th ic thus the rretned of 'his 
invention can separate and remove the free drug efficiently In a very short lime. . - 

s 

Example 1 , 

From 500 mi of a solu i ispiatin (CDDP) in | id 500 mi of a 

solution of 10 g ci ^ j < >~atidyi ehome a stearylphosphatidyi choline = 9:1) in a 

mixture of chloroform d i ! (1 :1), CDDP-entrapping REV liposomes were produced according to 

the method desc^c N > - io 

dialyzer (effective surface area; 1.5 m 2 , inner diameter; 200 \un, membrane thickness; 20um, cupro ammonium 
rayon, Type TAF-15W manufactured by Thermo Co.) by adjusting the flow rate of the liposome suspension 
circulating inside the hollow fibers to 15G mi/mln., the flow rate of the diaiyzing fluid {physiological saline) to 
500 mi/min., and the pre , 1 'he liposome suspension c'-c as 3 zing out of the 

system and the diaiyzing fluid to 10 mmHg. Dialysis under these conditions for 0.5. hours could separate and 15 
remove the unentrapped free CDDP. Thus a liposome comp os i ! \ I which does icudeany 

free CDDP with 2OT'o entrapment of CDDP. 

Example 2 

Five hundred m! of a CDDP-entrapping REV liposome suspension prepared in the same way as in the 20 
Example 1 was diaiyzed in a hollow fiber dialyzer (effective surface area; 1.5 m 2 , cupro ammonium rayon,' Type 
TAF-15W manufactured by Thermo Co.) by adjusting the pressure difference between the liposome 
suspension circulating and flowing out of the system and the diaiyzing fluid to 70 mmHg by tightening the 
pressure difference-contrail valve so as to eievaie the pressure of the circulatrc 

treatment under these conditions for 0.3 hours provided a liposome preparation with 20°/o entrapment of 25 
CDDP in which the remaining percentage of the unentrapped free CDDP was Jess than 0.5% and the volume of. 
the liposome dispersion had been reduced to 30% of the initial volume. 

Example 3 

One thousand mi of a CDDP-entrapping liposome suspension was prepared in the same way as In Example 30 

1. The suspension was subjected to separation-removal of the unentrapped CDDP in 3 dialyzer composed of 
two hollow fiber dia surface area; 1.5 m 2 , cupro ammonium rayon, Type TAF-15W 
manufactured by Thermo Go.) connected In parallel by adjusting the pressure difference between the 
liposome suspension and the diaiyzing fluid to 10 mmHg for 0.5 hours, and a - 3 (position was 
obtained which contained su s ; CDDP with 20°/b entrapment of CDDP. 35 

Example 4 

Six hundred ml of a solution of 0.6 g of CDDP in physiological saline and 600 ml of a solution of 12 g of 
phospholipid !i f fin - . f j i i ) 0 1) in an organic solvent 

[chloroform: diisopropyl ether (1:1)] were emulsified In a vacuum emulsator (Agihomomixer M type, 40 
manufactured by Tokushu Kika Kogyo Co.) with a homomixer (revolution; 15000 rpm, 30 minutes), and the 
organic solvent was gradually evaporated off by stirring with a paddle mixer (80 rpm.) at 60° C under reduced 
pressure, to give CDDP-entrapping REV liposomes. The liposome suspension, 1150 ml. was diaiyzed in a 
hollow fiber diaiyzor tci= ' v . 1 v > : ;1sm2, cupro ammonium rayon, Type VAF-15W manufactured by 
Thermo Co.) by adjusting the rate of circulation and flowing out of the lij □ on i suspension to 150 ml/min., the 45 
flow rate of physiological saline as the diaiyzing fluid to 500 ml/min., and the pressure difference between the 
former and the latter to 10 mmHg, and thus a liposome preparation (1 150 ml) with 20<>/o entrapment of CDDP 
was obtained in 1.2 hours. 

Example 5 so 

The hollow fiber dialyzer the same as used in the Example 4 (effective surface area; 1.5 m 2 , cupro 
ammonium rayon, Type TAF-15W man/ ured Thermo Co.) was prelim 1 zed undt 

elevated pressure. A vacuum emulsator (Agihomomixer M type, manufactured by Tokushu Kika Kogyo Co.), a 
liposome proc ttu was connected directly to the dialyzer, and the < 1 tension was 

i, , v t v j wW fibers in the closed system fhy 2) immediately attet prep ! 
liposomes in the same method as in the Exams e 4 b luid and by 

adjusting the flow rate to 500 ml/min. and the pressure difference between the liposome suspension and the 
I fluid to It i J N i° ns ntr > ra - 1 -m 1 - io t-d r is he se eonct ! ons 

and a sterile lipc % tio was produced at ' ess After one hour of dialysis, a liposome 

suspension {1000 ml) v- tient of CDDP was obtained, 60 

Example 6 

One hundred mi of a solution of 1 g of egg yolk lecithin in chloroform was placed > > r mi-shaped 
flask and chloroform was graduaiiy evaporated off by a vacuum rotary evaporator so that a thin film of 

1 5 n - ■> - j a > To this was adde 3 60 ig 1 mg/ml of 85 
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CDDP in physiological saline, and stirred we!! so that CDDP might be entrapped, to produce MLV dispersed in 
the CDDP solution. Five batches of MLV prepared by this procedure were combined to make 300 ml, which 
was dialyzed in a hollow fiber diaiyzer (cupro ammonium rayom, effective surface area; 0,8 rn 2 , Type TAFG8, 
v i c jc urt i by Then 5 Co.) 5 > r< v tnetlowrate 
5 of dialyzing fluid {physioiogicai saline) of 500 ml/min., to remove the unentrapped free CDDP, and a liposome 
1 1 > v it ' i f ;>urs. 

Example 7 

In place of 1 rng/m! of CDDP used in Example 1, 200 mg/ml of 5-fiuorouraoil (5~FUj was used to prepare a 
10 5-FU-entrapping liposome suspension according to the same procedur« as in Exs np! T un? "1 

free 5-FU was separated and removed by dialysis under the same conditions and a liposome suspension (300 
ml) with 220/0 entrapment was obtained in 0.5 hours. 

Example 8 

IS According to the same procedure as in Example ;xc 11 i i " p.g >f mitomy < MMC was used in 
place of 1 mg/ml of CDDP in Example 1, and MMOentrapping liposome composition was produced. The 
unentrappsd free MMC was separated and removed by dialysis under the same conditions, and a liposome 
suspension (300 ml) with PAW entrapment was obtained in 0.5 hours. 

SO Example 9 

According to the same procedure as in Example 1 except that 500 ng/ml of Ara-C was used in place of 1 
mg/ml of CDDP in Example 1, an Ara-C-entrapping liposome composition was produced. The unentrapped 
free Ara-C was separated and removed by v.a > , ; 1 conditions, and a liposome suspension 

1300 ml) with 20°/o entrapment was obtained In 0.5 hours. 

25 

Example 10 

According to the same procedure as in Example 1 except that 200 |ig/ml of bis(chloroethyl) nitrosourea 
1BCNU) was used in place of 1 mg/ml of CDDP in Example 1, a BCNU-entrapping liposome composition was 
produced. The unentrapped free BCFsiU was separated and removed by dialysis under the same conditions, 
30 and a liposome suspension (300 ml) with 20"/o entrapment was obtained in 0,5 hours. 

Example 11 

18gofDPPCand2gof DSPC were dissolved in 1000 ml of the 1:1 mixture of c - >p opylether 

in a 2 1 -beaker. To this solution was added 1000 ml of a solution of CDDP of 500 [ig/ml In saline which had been 

35 prepared beforehand so that the osmotic pressure might be 1 3 gher thai i 

mixed slightly, and emulsified in an emulsator (homomixer for 3 1 , Tokushukika, Japan} for 60 minutes, to give a 
W/O emulsion. The emulsion thus obtained was subjected to evaporation of the organic solvent in the same 
homemixer at 60° C under reduced pressure, to give LUV. A portion (500 ml) of the resultant LUV was poured 
into an apparatus for dialysis (hollow fiber manufactured by Asahi Kasei. Japan: fiber length; about 25 cm, 

40 effective membrane area; 1 .5 m 2 , inner diameter; 200 jjun, membrance thickness; 20 p,m,) at the rate of about 
150 ml/min. and physiologic 3 < t ■> anlvzing fluid wa ; allows 3 to flow at the rate of about 500 ml/min. 

so that the membrane pressure on the hollow fiber might become 0; thus free CDDP was removed by dialysis, 
and a liposome composition entrapping CDDP together with the hypertonic solution described above was 
obtained. 

45 

Claims 

1 . A method for purification of liposome compositions, which comprises subjecting an aqueous fluid 
50 containing drug-entrapping liposomes and the unentrapped drug to dialysis through hollow fibers, and 

sep&r tine Jrug int * £ ow fibers 

2. The method according to Claim 1 , wherein the pressure of the aqueous fluid flowing inside the hollow 
fiber is loaded to be higher than that of the fluid flowing outside the fiber. 

3. The method according to Claim 2, wherein the pressure difference is 300 mmHg or less. 
55 1 he method according to Claim '/herein th c 1 nsmbrane. 

5. The method according to Claim 1, wherein the hollow fiber has a membrane with the permeability c i 
about 0.1 to 1 , and with the thickness of about 10 to 20 urn, and a hollow with the inner diameter of about 
150 to 250, urn. 

6. The method according to Claim 1, wherein the drug has a molecular weight more than about 100 and 
60 less than about 60,000. 

7. The method according to Claim 1, wherein the drug is an antitumor agent having a molecular weight 
more than about 100 and less than 60,000. 

8. The method according to Claim 1, wherein the water-solubility of the drugs is 10 or less as the 
logarithms of the partition coefficient in the octanol-water system. 
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Fig. 1(a) 
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